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In this work we report on the realization and 

characterization of lithium batteries based on a gelified 
IPN (Interpenetrated Polymer Network) as electrolyte. 
Such blends are characterized by a co-continuous 
morphology consisting of two three-dimensionally 
interpenetrated polymer networks simply formed by hot-
mixing two non-miscible polymers (1). Polymer blends 
have been already considered as base materials for the 
synthesis of gel electrolytes (2,3) but no particular 
investigations were devoted to the optimization of their 
microscopic morphology. Mixing immiscible polymers in 
the molten state, results in the formation of materials 
characterized by heterogeneous microstructures, which 
strongly affect the properties of the polymer blend itself . 
Example of microstructures that can be formed are 
droplet/matrix, fibrous, lamellar, and, of most interest, co-
continuous (IPN)  microstructures. In Figure 1 is shown a 
SEM image of the IPN developed in this work prepared 
by hot-mixing polystyrene and polyethyleneoxide in a 
52:48 ratio by weight.  The image, taken from a sample in 
which the PEO phase was etched with water, clearly show 
the continuous and three-dimensional network of 
polystyrene interpenetrated by a continuous and three-
dimensional network of pores originally fill ed by the PEO 
phase.  

The intrinsic advantage of IPN’s consists in the 
possibili ty of selecting one of the polymers to impart 
mechanical stabil ity and a second polymer to enable ionic 
conductivity via formation of a gel, which contains the 
electrolytic solution.  The feasibili ty of using gelified 
IPN’s as Li+-ion conductor has already been proved in our 
previous work (4,5). A gelified polystyrene (PS)-
polyethyleneoxide (PEO) IPN, which PEO phase was 
gelified with a 1M solution of LiClO4 in propylene 
carbonate-ethylene carbonate (1:1 by volume), has shown 
an ionic conductivity approaching 10-3 Scm-1 at room 
temperature.  The abilit y to transport ions depends on the 
content of the electrolytic solution gelled in the IPN (see 
Figure 2). The ionic conductivity of the gelled IPN 
increases from 2 10-5 Scm-1 up to 0.8 10-3 Scm-1 for the 
weight fraction of electrolytic solution changing from 
19% to 50%. Above such a content of solution the 
conductivity remains almost constant around 10-3 Scm-1. 

The abili ty of  gelled IPN’s to act as ionic conductor 
in a li thium battery as been tested by assembling 
electrochemical cells with a lithium anode and several 
composite cathodes containing high-voltage (LiCoO2, 
LiCo1-xNixO2) and low-voltage (LiFePO4 and V2O5) active 
materials. Due to the presence of PEO in the electrolyte, 
the cells made with high-voltage cathodes showed a 
parasitic oxidative process taking place at about 3.8 Volts. 
Cells assembled with low-voltage cathodes showed much 
better performance.  Figure 3 shows a typical discharge 
curve of a cell containing LiFePO4 discharged at C/20 
rate at room temperature. 

Summarizing, gelled IPN’s appear very promising for 
the realization of gel-electrolyte li thium batteries. The 
concept of combining two immiscible polymers, one 
granting the mechanical stabili ty and the second one the 
ionic conductivity via previous gellation with an 
appropriate electrolytic solution, has been proved 
successful for the synthesis of low-cost, environmentally 
friendly (no solvents and polluting procedures are needed 
to synthesize the IPN) gel-polymer electrolytes. 
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Figure 1. SEM image of a PS-PEO (52:48w) IPN sample. The 
PEO phase was etched by dipping the sample in water. 
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Figure 2. Room temperature (25°C) conductivity of a gelled PS-
PEO (52:48) IPN as a function of the electrolytic solution (1M 
LiClO4 in PC:EC, 1:1 by volume) content. 

Figure 3. Typical discharge behavior of a Li/ 1M LiPF6-
EC:DMC (1:1w) in PS-PEO (52:48w) / LiFePO4 cell at R.T.. 
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